We studied the ability of F9 teratocarcinoma cells to arrest in G1/S and G2/M checkpoints after g-irradiation. Wild-type p53 protein was rapidly accumulated in F9 cells after g-irradiation, however, this was followed not by a G1/S arrest but by a short and reversible delay of the cell cycle in G2/M. In order to elucidate the reasons of the lack of G1/S arrest in F9 cells, we investigated the expression of p53 downstream target Cdk inhibitor p21
We studied the ability of F9 teratocarcinoma cells to arrest in G1/S and G2/M checkpoints after g-irradiation. Wild-type p53 protein was rapidly accumulated in F9 cells after g-irradiation, however, this was followed not by a G1/S arrest but by a short and reversible delay of the cell cycle in G2/M. In order to elucidate the reasons of the lack of G1/S arrest in F9 cells, we investigated the expression of p53 downstream target Cdk inhibitor p21 WAF1/CIP1 . In spite of p53-dependent activation of p21 WAF1/CIP1 gene promoter and p21
mRNA accumulation upon irradiation, the p21
protein was not detected by either immunoblot or immuno¯uorescence techniques. However, the cells treated with a speci®c proteasome inhibitor lactacystin revealed the p21 WAF1/CIP1 protein both in non-irradiated and irradiated cells. Therefore we suggest that p21 WAF1/CIP1 protein is degraded by a proteasomedependent mechanism in F9 cells and the lack of G1/S arrest after g-irradiation is due to this degradation. We also examined the expression and activity of cell cycle regulatory proteins: G1-and G2-cyclins and cyclindependent kinases. In the absence of functional p21 WAF1/CIP1 inhibitor, the activity of G1 cyclin/Cdk complexes was insuciently inhibited to cause a G1 arrest, whereas a decrease of cdc2 and cyclin B1-associated kinase activities was enough to contribute to a reversible G2 arrest following g-irradiation. After g-irradiation, the majority of F9 cells undergo apoptosis implying that wt-p53 likely triggers pro-apoptotic gene expression in DNA damaged cells. Elimination of defected cells might ensure maintenance of genome integrity in the remaining cell population. OncogeneIntroduction A major feature of cancer cells is deregulated cell cycle control. As a result, tumor cells are characterized by uncontrolled proliferation, genetic instability, and variability of chromosome number and ploidy. The coupling of genome stability and regulation of proliferation in normal cell is controlled by a number of dierent checkpoints. For example, to ensure stable maintenance of the genome, upon detection of DNA damage cells arrest in G1 or G2 to repair chromosomal DNA before initiation of DNA synthesis or entry into mitosis. The transition through the cell cycle is dependent on periodic activity of cyclin-dependent kinases (Cdks). This activity is positively regulated by speci®c cyclins; there are also negative regulators of cell cycle ± proteins of INK and KIP families (Elledge, 1996) .
The p53 tumor suppressor gene is one of the key checkpoint regulators (Levine, 1997) . The p53 gene is mutated in over half of all sporadic human cancers (Hollstein, 1991) . The p53 protein has an essential role in the G1 checkpoint in response to DNA damage. After DNA damage, p53 protein activates transcription of several downstream target genes, including a member of KIP family p21
, an inhibitor of Cdks (El-Deiry et al., 1993) .
Murine F9 embryonal carcinoma (EC) cell line is a suitable model for studying the cell cycle regulation in tumor cells (Sleigh, 1992) . Embryonal carcinomas and teratocarcinomas are tumors of pluripotent germ cells, and F9 EC cells being pluripotent resemble cells of mammalian blastocyst. Although they are tumorigenic but retain the ability to dierentiate into parietal endoderm under retinoic acid (RA) treatment and maintain stable euploid karyotype. F9 cells as well as the most of teratocarcinomas have high levels of p53, which preserves wild-type conformation (Pennica et al., 1984) . Others and we have shown that F9 cells express high level of nuclear wild-type p53 protein (Lutzker and Levine, 1996; Orlovskaya et al., 1997) . Thus, there is a suggestion that the mechanism coupling the cell cycle regulation and the integrity of the genome is functional in teratocarcinoma cells and in F9 cells in particular.
Although g-irradiation induced p53 protein accumulation in the nuclei of F9 cells, there was no cell cycle arrest in G1 phase of the cell cycle; then G1 phase was followed by a short and reversible delay in G2 phase and/or apoptotic cell death depending on the dose of irradiation (Langley et al., 1993 (Langley et al., , 1995 Orlovskaya et al., 1997) . This raises the question why F9 cells lack G1 arrest after girradiation and what the mechanisms of the G2 delay in these cells are.
We have shown that in spite of p53-dependent activation of p21 WAF1/CIP1 gene promoter, the p21
protein is not revealed with various polyclonal and monoclonal antibodies neither by immunoblotting nor by immuno¯uorescent staining. However, when the cells are treated with speci®c proteasome inhibitor lactacystin, the p21 WAF1/CIP1 protein is revealed. There-fore, we suggest that p21 WAF1/CIP1 expression is regulated by a proteasome-dependent pathway in F9 cells and probably the lack of G1/S arrest after g-irradiation is due to the degradation of p21 WAF1/CIP1 protein. The reversible G2 arrest after g-irradiation results from the decrease of cdc2 and cyclin B1-associated kinase activities.
Results

g-irradiation of F9 cells does not arrest entry into S phase and cell cycle progression
In order to ®nd out whether the block of DNA synthesis takes place in F9 cells after g-irradiation, we have analysed ioddeoxyuridine (IdU) incorporation. Data presented in Figure 1 (right panel) show that there was no decrease in IdU incorporation after g-irradiation. Eight to twelve hours after irradiation the population was almost completely in G2 ( Figure 1c) ; 18 h after irradiation cells in G1 appeared again ( Figure 1d ) and 24 h after irradiation the cell cycle distribution of the cells corresponded to that of nonirradiated population.
Thus, in F9 cells DNA damage does not cause the G1/S arrest; instead the cells continue S phase entry and DNA synthesis until they reach G2 and this is followed by a short reversible arrest of cell cycle transition in G2, after which the cells enter mitosis and continue cycling.
p53 protein is functionally active in F9 cells
Wild type p53 protein was accumulated after g-irradiation of F9 cells (Figure 2a ), but this did not lead to a p53-dependent G1/S arrest. To examine if endogenous p53 protein is able to activate its target genes, we used the following reporters: PG13-luc and MG15-luc which contained 13 repeats of a wild type p53-responsive element and 15 repeats of a mutant p53 element, correspondingly, and WWP-luc construct that contained luciferase gene under control of p21 WAF1/CIP1 promoter (El-Deiry et al., 1993) . These reporters were stably integrated into genome of F9 cells. Luciferase activity in F9 cells (control and irradiated) was measured in extracts from pooled populations of transfected clones. Luciferase activity in populations containing PG13-luc increased slightly but reproducibly after g-irradiation (Table 1) , whereas it did not change in control population containing MG15-luc. WWP-luc-dependent luciferase activity increased in a greater extent (Table 1 ). Among endogenous p53 target genes, we analysed the expression of p53 and p21 WAF1/CIP1 at mRNA level by RT ± PCR (Figure 2b ) and observed the accumulation of p21 WAF1/CIP1 transcripts. This is consistent with an increase of p53 protein level after irradiation concomitantly with a rise of its trans-activating potential. Besides, others and we have shown an increase of RNA transcripts of another p53 target gene mdm2 after g-irradiation of F9 cells (Mayo, Berberich, 1996; Orlovskaya et al., 1997) . These results suggest that wild type p53 is functionally active and is able to trans-activate target genes after g-irradiation of F9 cells.
p21
WAF1/CIP1 is degraded by a proteasome-dependent mechanism in F9 cells
We measured the level of p21 WAF1/CIP1 protein in control and irradiated F9 cells. However, all the methods used including immunoblotting, immunoprecipitation, immuno¯uorescent cell staining with dierent polyclonal or monoclonal antibodies did not reveal p21 WAF1/CIP1 in F9 cells while it was easily revealed in mouse embryonal ®broblasts (MEF) (Figure 2c) .
It has been shown that cell cycle transition control depends on ubiquitin/proteasome-mediated degradation of many regulatory proteins. Examples include mitotic cyclins (Glotzer et al., 1991), p53 (Kubbutat and Vousden, 1998) and inhibitors p27 KIP (Pagano et al., 1995) and p21 WAF1/CIP1 (Blagosklonny et al., 1996; Cayrol and Ducommun, 1998; Di Cunto et al., 1998; Poon and Hunter, 1998 ). Since we observed p53-dependent activation of p21
promoter and accumulation of p21 WAF1/CIP1 mRNA, we assumed that synthesized p21 WAF1/CIP1 protein was degraded by a proteasome-mediated mechanism. Therefore, we used lactacystin (LC), a highly speci®c inhibitor of proteasome activity that has been shown to inhibit all proteolytic activities of 20S proteasome subunit and have no eect on other proteases such as calpain, catepsin, papain, chemotrypsin and trypsin (Fenteany et al., 1995) . Inhibition of proteasomes by LC resulted in accumulation of p21 WAF1/CIP1 protein in both nonirradiated and irradiated F9 cells that was detected by immunoblotting ( Figure 2c ) and by immuno¯uorescent staining of the cells (Figure 2d ). Moreover, in dierentiated F9 cells we could reveal the p21
protein only after LC treatment ( Figure 2c ).
After g-irradiation or LC treatment and also after combined action of both g-irradiation and LC p53 protein was accumulated approximately equally, while p21 WAF1/CIP1 protein level increased only in the presence of LC (Figure 2c ). This suggests that p21 WAF1/CIP1 protein is accumulated after LC-induced inhibition of proteasome degradation but not as a result of p53 accumultion caused by LC-mediated inhibition of p53 degradation itself.
The analysis of cell cycle regulation after g-irradiation of F9 cells
Cell cycle transitions are mediated through sequential activation of dierent cyclins/cdk complexes followed by phosphorylation of downstream targets (Elledge, 1996) . Since cyclin/cdk complexes are targets for p21 WAF1/CIP1 inhibitor, we investigated protein levels of cyclins A, E, B1 and D1 and kinases cdk2, cdc2 and cdk4 as well as functional activity of cyclin/cdk complexes. Kinase activities were estimated in an in vitro kinase assay using histone H1 or Rb protein as substrates.
As shown in Figure 3a , the protein levels of cdk2 and cyclin A and E did not change in F9 cells after g-irradiation. The level of cdc2 decreased 4 h after irradiation, and the level of cyclin B1 slightly increased 8 h after irradiation. At 4 h after irradiation the F9 population did not contain cells in G1, about 60% of the cells were in S phase and the rest of the cells were in G2/M (Figure 1b) . By that time we observed some decrease of cdk2 and cdc2 kinase activities and of cyclin A-and cyclin B1-associated kinase activities. At 8 h after irradiation, while the cells overcame G2/M arrest and entered the G1 phase of new cell cycle, the cyclin A-and cyclin B1-associated kinase activities increased as well as kinase activity of cdc2 (Figure 3b) . Cyclin E-associated kinase activity decreased 8 h after Thus, the changes of cdc2 and cyclin B1-associated kinase activities after g-irradiation of F9 cells are consistent with the observed G2/M arrest. However, the decrease in cdk2 and cyclin A-associated kinase activities 4 h after irradiation raises the possibility that F9 cells are committed to DNA synthesis and continue the cell cycle despite DNA damage and subsequent temporary decrease in the activity of cyclin-Cdk complexes responsible for S phase progression. That notion was substantiated by the fact that the same decrease of cdk2-associated kinase activity caused sustained G1 arrest in rat embryonal ®broblasts after g-irradiation (Bulavin et al., 1999) .
Cdk4 protein level remained constant after g-irradiation at all time points examined (Figure 3c) . Cyclin D1 protein level decreased at 4 h and 8 h after irradiation, consistent with the loss of G1 cells and accumulation of cells in G2/M and increased again by 20 h, consistent with the presence of cells in G1. However, cdk4 kinase activity did not change after g-irradiation of F9 cells and the level of Rb phosphorylation remained constant (Figure 3d ). Thus, in spite of cyclin D1 protein level changes the cdk4/ cyclin D1-Rb pathway as a whole seems not to be regulated during response of F9 cells to g-irradiation.
F9 cells maintain genome stability by eliminating DNA damaged cells through apoptosis It has been recently shown that p21 WAF1/CIP1 is sucient to prevent microtubule inhibitor-induced endoreduplication (Stewart et al., 1999) . To determine whether microtubule inhibition causes endoreduplication in F9 cells in the absence of p21 WAF1/CIP1 protein, we exposed F9 cells to nocodazole, which prevents microtubule polymerization. The¯ow cytometric data shown in Figure 4a clearly indicate the appearance of tetraploid The cells were stably transfected by an indicated reporter plasmid and luciferase activity was measured in triplicate 6 h after g-irradiation. The luciferase activity in extracts of non-irradiated cells was taken as 1
and octaploid F9 cells after nocodazole treatment. This suggests that F9 cells endoreduplicated after microtubule inhibition probably as a consequence of the absence of p21 WAF1/CIP1 protein that is consistent with a role of the inhibitor in preventing the polyploidy (Bunz et al., 1998; Stewart et al., 1999) . We observed that a considerable fraction of F9 cells detached from the plate after 18 h treatment with nocodazole; DNA ladder appeared 48 h after nocodazole treatment ( Figure 4e ); the cells with sub-G1 DNA content were observed ( Figure 4a) ; after 72 h of nocodazole exposure there were almost no viable cells. So far, we suggest the majority of F9 cells enters apoptosis after nocodazole treatment.
According to Waldman et al. (1996) , DNA damaged cells with a genotype p21 WAF1/CIP1 7/7 also enter S phase without mitosis and become polyploid and that is followed by intensive apoptotic death. Interestingly, we did not observe octaploid cells after g-irradiation of F9 cells (Figure 1) . We analysed F9 cell survival after irradiation using clonogenic assay. As shown in Figure  4d , the majority of irradiated cells did not generate clones and therefore died. Besides, DNA ladder appeared 48 h after g-irradiation of F9 cells ( Figure  4e ) and cells with subdiploid DNA content were observed at¯ow cytometric analysis 48 h after irradiation (Figure 4c ). So, we suggest that F9 cells retain genetic stability after DNA damage by eliminating the cells with damaged genome via apoptotis. Obviously genetic stability after g-irradiation is maintained in F9 cells without participation of p21 WAF1/CIP1 protein.
Discussion
p53 protein is stabilized and accumulated in normal cells after g-irradiation and this leads to G1 arrest or to apoptosis (Kuerbitz et al., 1992) . p21 WAF1/CIP1 being a key mediator of growth arrest is induced by p53 protein in response to DNA damage on the level of transcription. Homozygous deletion of the p21 WAF1/CIP1 gene in mouse embryonic ®broblasts or human colon cancer cells partially or completely abrogates the DNA-damage-induced G1 arrest mediated by p53 (Brugarolas et al., 1995; Deng et al., 1995; Waldman et al., 1996) . So, it has been suggested that p21 WAF1/CIP1 is necessary for sustained G1 arrest.
Here we show by IdU incorporation that DNA synthesis does not stop in F9 cells after g-irradiation, instead they pass G1 phase, progress through S phase and accumulate at G2/M boundary. We also observed inhibition of cdc2 and cyclin B1 associated kinase activity after g-irradiation, and that increase was coincident with the period of G2 arrest. This arrest is relatively short and reversible since 8 ± 12 h after accumulation in G2 we again observed cells in G1 and S phases. F9 cells have wild type p53 and p53 protein as well (Lutzker and Levine, 1996; Orlovskaya et al., 1997) . After g-irradiation of F9 cells p53 protein is accumulated and is able to trans-activate target genes such as p21 WAF1/CIP1
. Thus, although F9 cells have essential prerequisites for arresting of cell cycle at G1/S boundary after g-irradiation, this is not the case. We did not reveal detectable amounts of p21 WAF1/CIP1 protein in F9 cells in spite of elevation of mRNA transcripts after g-irradiation. However, after treatment of F9 cells with a highly speci®c proteasome inhibitor lactacystin p21 WAF1/CIP1 protein was revealed in both irradiated and non-irradiated cells. This suggests a mechanism of proteasome-dependent degradation of p21 WAF1/CIP1 protein that appears to be active in both undierentiated and dierentiated F9 cells.
The main p21
function is inhibition of dierent cyclin-Cdk complexes giving rise to G1 or G2 arrests (Bates et al., 1998; Dulic et al., 1998 ; Figure 3 Expression levels of cyclins and Cdks and activity of cyclin/Cdk complexes in F9 cells after g-irradiation. Cells were irradiated and then lysed at time points indicated, cell lysates were either analysed by immunoblotting (a) or (c) or the corresponding cyclins and kinases were immunoprecipitated from lysates and the activity of kinases associated with cyclins A, B1, E, cdk2, and cdc2 was detected (b) in an in vitro kinase assay using histone H1 as substrate. Cdk4-dependent kinase activity was assayed using a GST-Rb fusion protein as substrate (d) p21 WAF1/CIP1 protein degrades in F9 cells AB Malashicheva et al Medema et al., 1998) . We observed a considerable decrease in cdc2/cyclin B1-associated kinase activities and in cdk2/cyclin A and also in cdk2/cyclin Eassociated kinase activities in F9 cells after g-irradiation. Obviously, this inhibition of cyclin-cdk complexes is independent on p21 WAF1/CIP1 protein. In cells with non-functional p53-dependent G1/S checkpoint inappropriate entry into and progression through S phase after DNA damage cause genetic instability and chromosome anomalies (Carder et al., 1993; Cross et al., 1995; Agapova et al., 1999) . It has been recently demonstrated that rat embryo ®broblast cells (REF) transformed by oncogenes E1A+cHa-ras express wt-p53 protein which trans-activates p21 WAF1/CIP1 gene upon g-irradiation (Bulavin et al., 1999) . These cells lack G1 arrest after g-irradiation since p21 WAF1/CIP1 protein is likely inactivated by interaction with E1A oncoproteins. In response to genotoxic stress E1A+cHa-ras-transformed REF undergo a short delay in G2, polyploidy and fast apoptosis. The situation in F9 cells is similar regardless of the way of p21 WAF1/CIP1 functional impairing: p53 gene and protein are wild-type, p21 WAF1/CIP1 gene is upregulated transcriptionally upon g-irradiation, but the protein is not active due to its proteasomal degradation and as a consequence the g-irradiation does not cause G1 arrest in F9 cells but a short reversible G2 arrest and massive apoptotic cell death. p21 WAF1/CIP1 -negative cells show tendency for polyploidy (Waldman et al., 1996; Bunz et al., 1998; Stewart et al., 1999) and this is the case of g-irradiated E1A+cHa-ras-transformed REF (Bulavin et al., 1999) .
Our experiments on nocodazole treatment of F9 cells demonstrate that F9 cells do become polyploid after microtubule disruption. There is a current suggestion that disruption of microtubule organization induces an arrest in a 4N G1-like state via the components of the p53 G1 arrest pathway (Khan and Wahl, 1998; Lanni and Jacks, 1998; Jimenez et al., 1999) . This point of view is consistent with that we have observed in F9 cells: F9 cells fail to enter G1/S arrest after g-irradiation and most probably for the same reasons they fail to prevent entering new cell cycle after microtubule disruption and become polyploid. However, despite this inability to arrest cell cycle properly F9 cells maintain stable diploid karyotype. This raises the important issue how such cells minimize the generation of descendants with chromosome aberrations. One likely possibility is that F9 cells with genetic damage undergo apoptosis. We con®rmed that by the demonstration of DNA ladder in both irradiated and nocodazole treated cells, by a clonogenic assay and by Levine, 1996) . In spite of this, F9 cells have very fast proliferation rate and therefore should be somehow tolerant to such a high level of endogenous wt-p53 protein. Embryonal stem (ES) cells also have a high p53 protein level and divide very quickly as well. Moreover, the p21 WAF1/CIP1 protein was not detected in ES cells as reported by Aladjem et al. (1998) . We suggest that the lack of p21 WAF1/CIP1 protein either in F9 teratocarcinoma cells or in ES cells can provide their ability to proliferate quickly in the presence of large amounts of functional wild-type p53. In particular, constitutive hyperphosphorylated non-functional Rb protein has been reported for ES cells (Savatier et al., 1994) . There is a suggestion that cyclin D/cdk4 complexes phosphorylating Rb are not functional in ES cells either (Savatier et al., 1996) . All this contributes to a fast proliferation rate in ES cells in spite of large amounts of wt-p53. We suggest from our results that the same mechanism functions in F9 cells. F9 cells readily enter apoptosis upon dierent stimuli: serum deprivation, high cell density, induction of dierentiation, DNA damage, microtubule inhibition (Atencia et al., 1994; Malashicheva et al., 1998; this paper) .
We suggest that the main function of p53 protein as a protein responsible for genome integrity is induction of apoptosis in F9 teratocarcinoma cells. Cells with damaged DNA are recognized by a p53-dependent mechanism and are eliminated by apoptosis. Probably, that is the mechanism of genome integrity control in this type of cells.
Materials and methods
Cell culture
F9 embryonal carcinoma cells (Cell Culture Collection, Institute of Cytology, RAS) were grown on tissue culture plates treated with 0.2% gelatin. The cells were cultured in Dulbecco's modi®ed Eagle's medium (DMEM) supplemented with 10% fetal bovine serum. F9 cells were irradiated with grays at a dose of 6 Gy. Cells were dierentiated according to Strickland et al., 1980 .
Cell cycle analysis
Cell cycle distribution was analysed by¯ow cytometry as described (Bulavin et al., 1999) . Cell cycle analysis was carried out on the FACSort¯ow cytometer ATC300 (Brucker).
Transfection procedures
The ability of endogenous p53 to activate transcription of target genes was estimated with three reporter plasmids PG13-luc, MG15-luc and WWP-luc (El-Deiry et al., 1993) containing 13 consensus p53-binding sites, 15 mutated p53-binding sites and p21 WAF1/CIP1 promoter, correspondingly. F9 cells were co-transfected with one of the reporter plasmids and with pSV2neo, encoding geneticin resistance gene. Selection of resistant colonies were performed with 400 mg/ ml geneticin. Visible colonies were collected in populations of stable transfectants. Luciferase activity was measured with Luciferase Assay System (Promega) using beta-counter (Beckman).
Immunoblotting analysis
Cell lysates were prepared as described (Bulavin et al., 1999) . Proteins were resolved on 12 ± 15% SDS ± PAGE gels, transferred to nitrocellulose membranes and analysed by probing with the following antibodies: polyclonal antibodies against cyclins A, B1, E, D1, and cdk4 (Santa Cruz Inc.), monoclonal antibodies against cdc2 (Santa Cruz Inc.); polyclonal antibodies against cdk2 were kindly provided by A Zantema. Secondary anti-mouse, anti-rabbit and antisheep HRP-conjugated antibodies were used (Sigma) and corresponding proteins were visualized with ECL system (Amersham). Wt-p53 protein was immunoprecipitated with conformation-speci®c monoclonal anti-p53 antibodies 1620 and 246 and revealed on Western blot with sheep polyclonal anti-p53, Ab-7 (Calbiochem).
Immunofluorescent staining
Cells were ®xed for 10 min in 2% paraformaldehyde, washed with PBS, blocked with 3% bovine serum albumin in PBS, containing 0.01% Triton X-100 and incubated with 4 mg/ml of anti-p21 WAF1/CIP1 Ab-5 antibodies (Calbiochem) for 1 h. Slides were washed four times with PBS and the anti-rabbit Cy3-conjugate (Amersham) was added at 1 : 2000 for 1 h. Slides were visualized on Zeiss Axioscope microscope and pictures were taken with CCD-camera (Zeiss).
Histone H1 and Rb kinase assay
The histone H1 and Rb kinase assay was previously described (Ko et al., 1991) . In brief, proteins were immunoprecipitated from cell lysates with indicated antibodies and protein A-Sepharose beads (Sigma). For histone H1 assay, immunoprecipitates were washed twice with lysis buer (see above) and once with kinase buer (40 mM HEPES, pH 7.5, 10 mM MgCl 2 , 1 mM DTT) and resuspended in 30 ml of reaction buer (1 mM MnCl 2 , 50 mM cold ATP, 5 mCi [ 32 P]ATP, 1 mg histone H1) and incubated at 308C for 30 min. For Rb kinase assay, immunoprecipitates were washed four times with lysis buer and twice with kinase buer, then resuspended in 30 ml of reaction buer with 0.5 mg GST-Rb (Santa Cruz Inc.) and incubated for 1 h at 308C. The reaction was stopped by addition of Laemmli sample buer, then the samples were boiled for 5 min, and the products were resolved by SDS ± PAGE. Gels were dried and exposed to X-ray ®lm.
RNA extraction and RT ± PCR analysis
Total cellular RNA was extracted by guanidine-isothiocyanate method with followed phenol/chloroform extraction. Reverse transcription mixture contained 3 mg of total RNA, 2 mg of hexanucleotide primers (Pharmacia), 4 ml 56buer, 0.5 mM of every dNTP, 50 units of RNase A inhibitor (Boehringer Mannheim), 200 units of Molony virus reverse transcriptase (Boehringer Mannheim), 2.5 mM DTT. Samples were incubated at 378C for 30 ± 45 min. Reaction mixture for PCR contained 60 ng of every primer, 0.5 mM of every dNTP, 1 ml of reverse transcription products, 2.5 units of Taq polymerase (Promega), 5 ml of 10 PCR-buer. Ampli®cation was performed during 30 ± 35 cycles: denaturation at 958C, p21 WAF1/CIP1 protein degrades in F9 cells AB Malashicheva et al 1 min, annealing at 638C, 1 min, synthesis at 728C. PCR products were analysed at 4 ± 7% PAGE. Primer sequences are the following: p53 ± CCAT-GAGCGCTGT CCGATG/TCCC AGGGCAGGACA AACA (305 bp); p21 WAF1/CIP1 -GCCGTGATTGCGATGCGCTCA/ ACAGCGACAAGGCCACGTGGT (250 bp); GAPDH ± GGTCACCAG GGCTGCCATTT/ CACGGAAGGCCATG-CCAGTG (653 bp). GAPDH ampli®cation level was used as internal control.
DNA fragmentation analysis
DNA fragmentation was analysed according to Perreault and Lemieux (1993) . Electrophoresis samples were equalized by cell number; DNA extracted from 1610 6 cells was loaded on the vertical agarose gel.
